The solubility of human costal cartilage during exhaustive digestion with proteases (van der Korst, Sokoloff, and Miller, 1968) 
The solubility of human costal cartilage during exhaustive digestion with proteases (van der Korst, Sokoloff, and Miller, 1968) or 5 M guanidine-HCI (Miller, van der Korst, and Sokoloff, 1969) decreases with ageing. These observations stimulated us to investigate the quantitative effect of glycosaminoglycan and protein-degrading enzymes on costal cartilage in regard to age. The first enzyme studied was a-amylase, because crude preparations of this enzyme seem to have a peculiar effect on the intercellular substance of connective tissues, i.e. solubilization of collagen (Steven, 1964) and release of acid glycosaminoglycans (Quintarelli, Dellovo, Balduini, and Castellani, 1969) .
Material and methods
Costal cartilage was obtained from nine autopsy cases, varying in age from 14 to 93 years. No cases of rheumatic or collagen disease were included. The perichondrium and immediately subjacent tissues were dissected away and areas of calcification were removed. The cartilage was cut into small pieces with a scalpel and then lyophilized. The dried samples were ground in an electromagnetic micromill with an oscillating steel ball (Fritsch Pulverisette 0). Onlv powder passing through a sieve with openings of 0 1 mm. diameter was used for the following experiments.
From each of the nine pulverized cartilage batches two 500-^. samples were taken. To both samples 12 5 ml. 0 QL molar phosphate buffer in 0 8 per cent. NaCI pH 6 9 was added, and to one of them 12 5 mg. crude a-amlylase (SigmaR type Il1-A, from Bacillus subtilis, lot 17 B-0040, 64 units per mg.). (One unit releases I m>b. maltose from starch in 3 min. at pH 6 9 at 20'C.). Bot>-samples were simultaneously incubated for 1 hour at 3?7 C. under constant stirring. Preliminary experiments, in ws hich the amount of crude a-amylase added varied from 0 to 2500 U per sample and the incubation time varied from 0 5 to 7 hours, had demonstrated that under the 2onditions ultimately chosen, a maximum release of uronic acid was obLained from a 42-year-old cartilage sarr-nle.
T.: inactivate the enzyme both samples were lheated to boil. ig temperature after I hour of incubation. After centrifuging and filtering, the amounts of hexosamine and uronic acid were estimated in the supernatant. Hexosamine content was determined according to the method of Antonopoulos, Gardell, Szirmai, and de Tyssonsk (I 964) and uronic acid content according to that of Bitter and Muir (1962 (Table I ). There is a marked decrease with age of the amount of hexosamine in the supernatant, both after incubation with phosphate buffer plus amylase and after incubation with phosphate buffer only. As with uronic acid, the amount of hexosamine extracted by phosphate buffer from the cartilage powder from a 93-year-old is about one tenth of that extracted from a 14-year- (Table I) , both decrease markedly with age, the decrease being somewhat more pronounced for hexosamine. A significant increase, concomitant with age, of the hexosamine/uronic acid ratio released from the cartilage by amylase digestion was found, whereas the hexosamine/uronic acid ratio in the buffer extract decreased slightly with age ( Fig. 1) .
- The effect of varying -mounts of crude a-amylase and purified a-amylasa on the liberation of uronic acid was studied in dried cartilage powder from a 42-year-old cadaver. Crude a-amylase was more than ten times as potent in releasing uronic acid from cartilage as purified a-arnylase (Fig. 2) . Like crude a-amylase, purified a-amylase was shown to be more effective on young than on old cartilage, in releasing both uronic acid and hexosamine (Table II, analyses of the supernatant after incubation of the cartilage samples in phosphate buffer with or without crude a-amylase, the enzyme released sonme protein. (Kaplan and Meyer, 1959; Mathews and Glagov, 1966) . Not only the glycosaminoglycan composition of human costal cartilage but also its protein composition undergoes a marked change during life, when the proportion of non-collagenous protein increases almost three-fold (Miller and others, 1969) . The results reported here suggest that at the same time the solubility of the protein fraction in a weak acid buffer diminishes slightly. The changing amino acid composition of ageing costal cartilage is not reflected in the composition of the buffer-soluble fraction. Three of the four cartilage extracts contained at least some hydroxyproline and hydroxylysine. In an earlier study (Miller and others, 1969) , a more conspicuous decline of cartilage solubility, and especially of the collagen fraction in 5 molar guanidine HCI, was found with increasing age.
The effect of crude a-amylase activity on the powdered cartilage demonstrates an age-related decrease almost parallel to the age pattern of solubilization in phosphate buffer. However, in contrast to buffer extraction, amylase activity solubilizes relatively more hexosamine than uronic acid with increasing age. The hexosamine/uronic acid ratio of the crude a-amylase extract increases almost eight-fold from adolescence to senescence.
Similar results were obtained, in both the qualitative and the quantitative aspects of glycosaminoglycan solubilization, by using a purified a-amylase preparation instead of crude a-amylase. However, crude a-amylase was found to be far more effective in dissolving glycosaminoglycans from the cartilage. This difference might be due to the presence of proteolytic components in the crude a-amylase preparation, as suggested by the significant increase of protein or protein-derived breakdown products in the supernatant, if crude a-amylase was added to the phosphate buffer. Although the proteolytic contamination of crude a-amylase might enhance the degrading action on cartilage, it does not seem to be responsible for the age pattern.
Like the action on glycosaminoglycans the quantitative effect of crude a-amylase on protein release from the cartilage is age dependent. However, the age pattern of protein release is less pronounced than that for glycosaminoglycan release. The amino acid composition of the soluble material obtained by crude a-amylase digestion confirms the presence of a collagenolytic component in crude a-amylase (Steven, 1964) . Collagenolysis was most marked on young cartilage. Otherwise, the different composition of the crude a-amylase extract from juvenile cartilage in comparison with adult and senescent cartilage seems to reflect the change in the amino acid composition of the costal cartilage matrix with age (Miller and others, 1969) .
Further experimentation will be needed to gain insight in the age-related phenomena reported here. In the meantime it should be realized that the results of studies involving enzyme digestion or solvent extraction of human costal cartilage are strongly dependent on the age of the material used. Summary Pulverized human costal cartilage samples from cadavers of varying ages were extracted by isotonic phosphate buffer, pH 6-9, and digested by crude or purified a-amylase. In both types of experiment, the amounts of glycosaminoglycans and proteins released were strongly dependent upon the age of the cartilage used. The quantity of hexosamine and uronic acid solubilized by phosphate buffer from senescent cartilage was about 10 per cent. of the quantity extracted from juvenile cartilage. The effectiveness of a-amylase digestion also decreases markedly with age, but-in contrast with buffer extraction-this decrease is more marked in regard to the release of uronic acid than to that of hexosamine. Crude a-amylase was found to be far more effective in digesting costal cartilage than purified a-amylase, probably through proteolytic contamination.
